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ABSTRACT 


Wall painting is a repetitive, stressful, and hazardous process that makes it an 
ideal automation case. In the automotive industry, painting had been 
automated but not yet for the construction industry. However, there is a strong 
need for a mobile robot that can move to paint residential interior walls. In this 
study, we aim to design and implement an automatic painting mobile robot. 
The conceptual design of the proposed wall painting robot consisting paint 
mechanism with a spray gun and ultrasonic sensor. The spray gun is attached 
to a pulley mechanism that has linear motion. The ultrasonic sensor is used to 
detect the spray gun when it reached a certain limit. The DC motor rotates 
clockwise and counterclockwise based on the ultrasonic sensor condition 
made. The experimental results indicate that the robot was able to paint the 
walls smoothly vertically, and horizontally. The spraying gun structure's speed 


Robotics is at a tolerable speed of 0.07 m/s, which could be increased, but to provide 
Spray painting high-quality painting without any gaps, the current speed was selected as the 
most suitable, without any harm to the working process. 
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1. INTRODUCTION 

Robots is one of the most widely used automation methods in a number of sectors, from heavy industry 
[1], healthcare and smart libraries [2, 3]. The robot is an interdisciplinary technology to build robots that imitate 
and replace human beings, including mechanical engineering, electronic and electrical engineering, artificial 
intelligence, and computer vision [4]. The automatic wall painting robot has become a necessity in the past 
decade [5, 6] due to the increase in the height of the buildings and more and more skyscrapers [7]. Much 
research and money are invested in finding a solution to this problem [8-10]. The solution would help to 
eliminate the loss of life due to the external factors acting when the workers are doing their job, such as high 
wind, storm and falls [11, 12]. Nowadays, all the countries over the world are rapidly developing, each day 
rising hundreds of buildings. Painting walls is significant, and it is not just improving the interior. Also, it can 
be explained as a part of the building process [13]. However, according to Bureau of Labor Statistics, there 
were approximately 2.9 million nonfatal workplace injuries reported by private industry employers in 2015, 
which occurred at a rate of 3 cases per 100 equivalent full-time workers [14]. This number is growing each 
year, which is a global worldwide problem, and it must be solved. 

Therefore, the main achievement to be reached in the current study is focused on developing a 
sustainable and reasonable priced wall painting automatic robot to increase the efficiency of wall painting and 
reduce the human power involved in current activity. The automatic machine should carry out a whole wall 
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painting process to paint the wall without human involvement and a higher level of sufficient efficiency. A 
robot has an efficient working algorithm [15, 16], providing the world with an autonomous machine that will 
be able to: detect the area that needs to be painted [17], analyzes the surface throughout the developed software 
[18], paint the surface, checks on any empty spaces, and to do correction if needed. The remainder of this paper 
is organized as follows. Section 2 gives an overview of the methodology adopted for the proposed research 
and described the experimental model. Results are discussed in Section 3, while; the conclusion and the future 
work are given in Section 4. 


2. RESEARCH METHOD AND HARDWARE 

In the literature, most of the size of the robots are varies, it has a significant weight, is working slow, 
and the price is surprisingly high. Thus, it is not easily accessible for the people. To solve the problem that is 
stated as a danger to human life while painting process, the robot is designed to be suitable for the wall painting 
without taking any risk for human life. This study consists of two parts: One part, which is the basement of the 
robot, are represented as a board with four wheels, which are on the rooftop of the building. It is created to 
carry all the parts which are responsible for controlling the system, motor, battery, weight, and pressure bank 
for the spraying gun. It will also have “grips” to make the board stable while the painting process and stay 
steady to not fall down from the rooftop. The second part, which is the robot itself, will be represented as a 
longboard, with 4 wheels, with a movable spraying gun. Figure 1 shows the process of painting implemented 
in this study. 
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Figure 1. Process of painting 


The proposed robot is an automotive mobile robot, but it will need human involvement in its working 
process. The robot will be painting walls from up to down, the worker will need to activate a motor for the 
metal ropes which are holding the robot, so it will be descended downwards when the painting process is done 
vertically, the worker on the rooftop will need to bring it up by activating the motor so it will pull robot upwards 
by ropes attached to it. The worker will move the basement of the robot on the rooftop horizontally and continue 
the painting process. This algorithm will be done multiple times until reaching the successfully painted selected 
area, as Shown in Figure 2. However, to let the robot “know” how big the area for painting is, the worker will 
have to input the length and the width of the selected area after taking the measurements. 

As the robot consists of two parts, it was decided to use 2 Arduino Uno microcontroller boards and 
connect them wirelessly so that when the mobile structure will be in the stage of wall painting, there will not 
be any need for long wires, connecting it to the base structure. This decision is also a good solution, and it 
affects a cost positively, making overall robot constructional priceless because there will not be any need in 
installing long wires, wire collecting coils. The robot's base structure consists of Arduino Uno microcontroller 
board, motor driver L298N, the puling mechanism (DC-motor, pulleys, nylon ropes), and 12 V DC battery a 
power supply, Arduino HC-05 serial port wireless transmitter module and wooden base construction itself. 

Figure 3 shows the proposed automatic mobile robot's final hardware design with all mechanism and 
components used. The design shows there is two pulley mechanism and where they located. The pulley system 
placed on the top is to move the L-shape ups and downs with the help of the DC motor that can carry about 10 
kg. The other pulley mechanism is to move the spray gun left and right (linear motion) to paint the wall entirely. 
In the proposed hardware design, there are two Arduino Uno implemented. One is for master purpose and the 
other for slave purpose. Figure 4 shows the paint mechanism design with the spray gun and ultrasonic sensor. 
The spray gun is attached to a pulley mechanism with linear motion—the ultrasonic sensor used to detect the 
spray gun when it reached the specific limit. The DC motor rotates Clockwise and Counterclockwise based on 
the ultrasonic sensor condition made. 


Design and implementation of automatic painting mobile robot (Amgad Muneer) 


70 o ISSN: 2722-2586 







User Adjust 
Position of 
the Robot 
Return to Initial 
l Position 


User Select 
the Size of 
Painting 


Robot Move to the 
Offset Point 
Sensor Locates the 
Spray Gun 











Painting Layer 
with Length of 
80 cm 





Yes 


Move Mobile 
Structure to The 
Next Layer 









More 
layers? 


Spray 
Gun in 
The Initial 
Position? 






Oj ae < 


Figure 2. Proposed algorithm process 
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Figure 3. Photograph of the painting robot Figure 4. Paint mechanism design 
(Experimental model) 


3. RESULTS AND DISCUSSION 

Several experiments were conducted to check the performance of the system. The purpose of testing 
the system is to ensure that the system is adequately evaluated. The following are the experiments conducted 
to evaluate the performance of the proposed wall painting robot: 


3.1. Time taken for vertical translation of mobile structure 

The experimental setup for the vertical translation was done by setting up the prototype's stationary 
module at the height of 5 meters. The mobile structure with the spray gun was hung freely and controlled by 
the Arduino microcontroller. The program was written to move the structure to varying levels of height. The 
heights were measured manually using a measuring tape, and the readings from the ultrasonic sensor were 
compared to the aforementioned actual readings. Thus, this is important because, during the prototype's actual 
application, the height should be measured very accurately for optimum performance. Table 1 shows the data 
for the vertical translation of the mobile part. The time taken for the translation was measured against the 
displacement. The test was done twice, and the mean value was calculated in order to increase accuracy and 
precision. 
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Table 1. Time taken for vertical translation 


Test1: Test2: Distance 
Time taken Time taken Average measured 
(seconds) (seconds) (meters) 
2.4 2.5 2.45 0.25 
4.9 4.9 4.9 0.50 
7.2 7.3 7.25 0.75 
9.5 9.6 9.55 1.00 
11.7 11.9 11.8 1.25 
14.0 14.2 14.1 1.50 
16.3 16.4 16.35 1.75 
18.5 18.5 18.5 2.00 


Figure 5 shows the time taken for the vertical displacement of 2 meters. The speed of the mobile part 
is at an adequate speed of roughly 0.1 m/s for each cycle. This is an adequate speed for the painting to be done 
correctly. No acceleration was done because it would cause uneven coats of paint, which would result in the 
prototype having to do extra movement to complete the painting process. The vertical movement testing 
indicated that the overall vertical movement of the mobile part was linear and smooth. This was a good 
indication that the painting process would run smoothly. 


Time taken 
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Figure 5. Time taken for vertical translation 


3.2. Time taken for horizontal translation of paint spray gun 

The horizontal translation of the paint gun was tested by using the ultrasonic sensor. The displacement 
of the paint gun was tested in a manner like the vertical translation of the mobile part. The mobile part was set 
on the ground for this test. The total distance between the ultrasonic sensor and the paint spray gun at the 
furthest distance is 0.80 meters. It had to be ensured that the movement of the spray gun was at an adequate 
speed. This had to be done to make sure that the speed is sufficient enough to finish the painting job in a 
reasonable time and make sure speed is not too fast to make the paint job improper. Table 2 presented the 
experimental results of the time taken for the horizontal translation of a paint spray gun in contrast to the wall 
painting area. The results show that the larger the painting area is, the more time needed for the robot to fully 
paint the desired area. 


Table 2. Time taken for horizontal translation 


Test1: Test 2: Time Distance 
Time taken taken Average measured 
(seconds) (seconds) (meters) 
1.3 1.5 1.4 0.1 
3.5 3.3 3.4 0.2 
4.70 4.60 4.65 0.3 
5.30 5.70 5.50 0.4 
6.23 6.40 6.32 0.5 
8.56 8.01 8.3 0.6 
9.01 9.5 9.3 0.7 
10.70 10.50 10.6 0.8 
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Figure 6 shows the time taken for the horizontal translation of the spraying gun, within 0.8 meters’ 
distance. The spraying gun structure's speed is at a tolerable speed of roughly 0.07 m/s, which could be 
increased, but to provide high-quality painting without any gaps, current speed was selected as the most suitable 
without any harm to the working process. As well as for the horizontal translation, there was no acceleration 
done. The horizontal movement testing indicated that the paint spraying gun's overall horizontal movement 
was suitable. Current testing ensured that the painting process would run smoothly. 
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Figure 6. Time taken for horizontal translation 


3.3. Air compressor test 

Air compressor testing was done using water paint, paint spraying gun, air pressure valve connected 
to the Arduino UNO board and air compressor. The pressure was increased from an initial point of 40 psi with 
the step of 10 psi. The experiment aimed to describe which working air compressor pressure is the most suitable 
for the used spraying gun. Spraying gun was set in the initial position, and with each step of increasing the 
pressure, one layer was painted. Afterwards, the quality of the painted layer was examined manually to verdict 
the most appropriate psi level. Table 3 shows the experimental data collection of the air compressor test. This 
test demonstrates the relationship between the use of paint and the time needed on the exchange of air 
compressing pressure. 


Table 3. Data collection for air compressor test 


Air Pressure Paint consumption Time required 
(psi) (ml) (sec) 

40 4 14.71 
50 5 13.88 
60 22 12.64 
70 24 11.92 
80 26 11.14 
90 29 10.43 
100 33 9.75 


Figure 7 illustrates the relationship between paint consumption and time spend due to exchange of the 
air compressing pressure. The current graph's X-axis represents the air pressure change rate within the range 
of 40-100 psi, and Y-axis represents the time rate from 0 to 35 seconds. As in Figure 7 of the air compressor 
test, the higher the air pressure, the less time required. However, paint consumption grows on the flipside. Due 
to the pressure created inside the paint tank of the spraying gun, paint is sprayed faster, which decreases the 
time needed for the painting process, but faster is not always better. If air pressure is too high, a layer of sprayed 
out paint will become too thick, which will cause leakages and other unwanted phenomena while painting 
process. As it is noticeable, at points of 40 and 50 psi, paint consumption is very low, comparing to the other 
pressure levels. It is caused by that fact that these air pressure levels were just not powerful enough to induce 
the paint spraying from the spray gun's nozzle. 
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Figure 7. Data analysis of air compressor test 


3.4. Accuracy of the ultrasonic sensor 

During testing of automatic painting robot, the wall painter ultrasonic sensor was expected to work 
correctly with 100% accuracy, but like any other device, it has a range of errors. As even mentioned by the 
manufacturer, its error range is +3%. However, while testing, it showed great performance with a minimum 
accuracy of 96%. In the current robot’s working process, it 1s vital to have accurate working ultrasonic sensors 
to provide equality in painting layers and make them straight, without any breakdowns on the edges and path 
endings. 


4. CONCLUSION 

The proposed research aims to construct an automatic robot, which will paint the buildings’ walls of 
any size. The experimental results indicate that the proposed robot could smoothly paint the walls with an 
accuracy of up to 90% (spray gun accuracy) and in a very efficient time. Therefore, the system was developed 
with the option for the workers to select among several options to ensure that the prototype can be used for 
various heights. However, future development should be done to select any length according to the building's 
height. One further shortcoming is due to the capacity of the paint tank. The current system uses up to 1 litre 
of paint. This is inconvenient because the paint has to be filled by the workers’ multiple times in some instances. 
The other shortcoming is due to the performance of the ultrasonic sensor used. The current ultrasonic sensor 
can work perfectly when used on a perpendicular wall; however, when painting edges, crevices and corners, 
the sensor can have inconsistencies in the readings. Therefore, this can further be improved by using more 
sensors that can enhance the results. The aforementioned shortcomings can be eliminated with further research 
and work. 
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